Purpose: Sacral dimples are a common cutaneous anomaly in infants. Spine ultrasonography (USG) is an effective and safe screening tool for patients with a sacral dimple. The aim of this study was to determine the clinical manifestations in patients with an isolated sacral dimple and to review the management of spinal cord abnormalities identified with USG. Methods: We reviewed clinical records and collected data on admissions for a sacral dimple from March 2014 through February 2017 that were evaluated with spine USG by a pediatric radiologist. During the same period, patients who were admitted for other complaints, but were found to have a sacral dimple were also included. Results: This study included 230 infants under 6-months-old (130 males and 100 females; mean age 52.8±42.6 days). Thirty-one infants with a sacral dimple had an echogenic filum terminale, and 57 children had a filar cyst. Twenty-seven patients had a low-lying spinal cord, and only one patient was suspected of having a tethered cord. Follow-up spine USG was performed in 28 patients, which showed normalization or insignificant change. Conclusion: In this study, all but one infant with a sacral dimple had benign imaging findings. USG can be recommended in infants with a sacral dimple for its convenience and safety.
Introduction
Cutaneous lesions of the lower back region could be associated with tethered cord syndrome including hairy patches, subcutaneous lipomas, and dimples. 1) A simple sacral dimple is less likely to be associated with tethered cord syndrome, but this is difficult to prove. It is not well known whether this is associated with other spinal cord anomalies. A sacral dimple was found in 1.8%-7.2% of newborn infants; [2] [3] [4] it is a common skin lesion that can easily be found in outpatient clinics or admission during neonatal periods. It has been reported that a dimple can be seen as a typical benign lesion when visible, less than 0.5 cm in size, and has one lesion located in the midline. Large, deep, and distant from the anus, hair, and of changed color may be associated with other diseases. [3] [4] [5] However, further examination is necessary because the visual abnormalities cannot be completely discriminated via visual examination. Ultrasonography (USG) is a safe and cost-effective screening method and is commonly used in infants with sacral dimples. 6, 7) It is a noninvasive screening method that does not risk radiation exposure in children, and does not require sedation. In addition, spinal USG performed at a young age is effective because it can acquire relatively accurate imaging com pared to postossification. Despite its many advantages, there is a suggestion that USG is not required.
8)
Korean J Pediatr 2018;61 (6):194-199 Currently, limited research exists on the clinical significance of USG in sacral dimple in Korea. This study investigates the clinical features of the sacral dimple in patients with a sacral dimple, and evaluates the prevalence of accompanying diseases and the necessity of USG.
Materials and methods

Patients
A retrospective review of clinical information and imaging findings (lumbar spinal USG and spine magnetic resonance imaging [MRI]) was performed for the records of 304 children who were diagnosed with a sacral dimple from March 2014 through to February 2017 in Chungnam National University Hospital. A USG was performed for all patients who visited for a sacral dimple. The USG findings of the patients who underwent the first US within 6 months after their birth were analyzed.
Physical examination including height and weight were investigated at the first visit. The birth history including gestational age, birth weight, and delivery method were examined. The clinical features of sacral dimple were determined by examining the hair, skin color, secretion, and distance from the anus to the sacral dimple. Patients with grossly observed anal anomalies or masses, chromosomal anomalies, and multiple deformities were excluded. The flow diagram for enrollment was as drawn in Fig. 1 . This study was per formed with the approval of the Institutional Review Board of Chungnam National University Hospital (2017-01-022).
Image technique and analysis
All spinal USG were performed by a single pediatric radiologist (SKY) with 5 years of experience using an IU-22 Philips ultrasound system (Philips Healthcare, Bothell, WA, USA) with a linear-array probe . A kyphotic curvature was created by placing the patient on a small pillow in a prone position and performing a midline scan over the spinous process. The Normal lumbar spine USG finding was as shown in Fig. 2A . We recorded the level of the tip of the conus medullaris (CM), the pulsation of CM or the nerve roots, the thickness and echogenicity of the filum terminale (FT), the presence of intraspinal mass, and normal variants including filar cysts and ventriculus terminalis.
The echogenicity of FT was compared to adjacent roots of the cauda equina. FT was considered thick when it measured more than 2 mm on transverse and longitudinal US and was considered fibrous or lipomatous nature. We considered it as "prominent FT" when the thickness of the echogenic FT was less than 2 mm. If the tip of the CM was below the L2-3 disc space, this was considered low-lying spinal cord. We defined the isolated low CM as the tip of CM is seen at L2-3 disc space or the L3 vertebral body level without evidence of tethering.
9) The findings of additional imaging including follow-up US or MRI were also recorded.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). Chi-square tests, and t test were applied to the data to compare variables; P<0.05 was regarded statistically significant.
Results
Clinical characteristics
Of the 304 patients who underwent spinal USG, 230 patients (130 boys and 100 girls) who were younger than 6 months were included in the study (Fig. 1) . The mean age at first visit was 52.8±42.6 days (range, 1-175 days), the mean height was 56.0±6.1 cm and the mean body weight was 4.9±1.7 kg. In birth history, the mean gestational age was 38.5±1.7 weeks, 29 patients were born as premature neonate. One hundred ninety patients were born at full term, and 1 patient was born at 42 weeks of gestational age. The mean birth weight was 3.1±0.5 kg, and 48% of the patients were delivered via cesarean section. About 65% of the patients visited hospital within 1 month of age (Fig. 3) . Thirty-nine patients (17.0%) had hair, and 2 pati ents (0.9%) had discharge at the dimple region. Twenty patients (8.7%) had skin discoloration and 6 had skin tag (2.6%). The distance from the anal verge to the dimple was 2.14±1.01 cm (Table 1) .
Imaging findings
During the above-mentioned period, 261 cases of USG were performed with 230 patients, of whom 28 patients underwent follow-up USG (59 cases) and 1 patient underwent a spine MRI. In the first USG, echogenic FT was found in 31 cases (13.5%). Prominent FT (thickness of less than 2 mm, echogenic) was found in 26 cases (mean thickness, 1.4±0.2 mm; range, 1.0-1.9 mm) and 5 cases had a thickness of more than 2 mm (thick FT) (2.4±0.4 mm; range, 2.0-2.9 mm) (Fig. 2B) . Filar cyst was identified in 57 cases and their size was 8.6±2.8 mm (range, 3.7-20.0 mm) (Fig. 2C) .
The exact CM level could not be confirmed in 6 patients, but their CM levels were considered normal because the CM was visible at the renal hilum level (considered as L1-2 level). When comparing the case of determining the CM level as the renal hilum level and the case of confirming the CM level, 4.6±1.0 months vs. 1.6±1.3 months (P<0.001) indicated that it was difficult to accurately ascertain the CM level after at least 4.6 months. There were 27 cases (11.7%) with low-lying spinal cord (Fig. 2D ). There were 26 cases of isolated low CM in which the tip of CM was located in the L2-3 disc space or the middle body of the L3 medullaris. Only one case presented with the CM below the midbody of L3 (Table 2) .
Follow-up USG was performed with 28 patients. Eight of 10 patients who were followed up after the echogenic FT were echo genic in follow-up, and 2 patients had normal findings. In 13 pati ents followed up with filar cyst, 1 was not visible in follow-up, 3 patients were in poor window, and 9 patients (3 times in 2 patients, 20 cases in total) showed follow-up. The thickness of the echogenic FT and One patient who had a low lying spinal cord (level L3-4) was suspected of cord tethering on USG and this patient had a small subcutaneous cystic lesion under the coccygeal cartilage without intraspinal extension. The patient was a 4-day-old girl who was delivered by vaginal delivery at a gestational age of 39 weeks 2 days and at a birth weight of 2.12 kg. She was admitted to neonatal intensive care unit for intrauterine growth retardation, and USG was performed for sacral dimple, which was found incidentally during hospitalization. A sacral dimple was located in the midline, 3 mm from the anal verge. As described above, abnormal findings were detected on spinal USG and spine MRI was performed for further evaluation. The patient was referred to a neurosurgeon; additional testing was recommended including contrast enhancement MRI and surgery was considered. However, the caregiver refused further evaluation and was the patient was discharged on his own accord.
Discussion
The sacral dimple is one of the most common skin lesions, but it is a simple skin lesion in most cases and does not affect neurologic dysfunction. In our study, half of the patients showed normal USG finding without anomaly. The other patients had filar cyst (24.8 %), echogenic FT (13.5%), and low-lying spinal cord (11.7%). Considering that filar cysts are also classified as normal findings in other literature, 10) 74.8% of patients had normal USG findings among our patients. Although patients had abnormal findings for USG, physical examination and observational findings were nonspecific except in 1 patient. One of the major reasons for performing USG is early detection of the possibility of tethered cord syndrome. A tethered cord syndrome is caused by a stretch-induced dysfunction of the caudal spinal cord and conus, that often associated with spinal dysraphism. 11) In children, tethered cord syndrome typically present with progressive motor and sensory dysfunction, which may include gait abnormalities and urologic symptoms. 12) Although there are some asymptomatic patients with anatomic cord tethering, the patients with developed symptoms does not naturally improve without surgical untethering. 13) And early intervention after symptom development is important for recovery of neurological functions. [13] [14] [15] Early diagnosis is also necessary for prevent neurological damage and adequate surgical correction. 16) In a review article, the incidence of abnormalities in spinal USG in children without dimple was 4.8%, which was not significantly different from 3.8% in children with a dimple. 8) This leads to questions about whether ultrasound should be performed in patients with simple sacral dimples. [17] [18] [19] [20] [21] Although only one patient among 230 needed a surgical procedure in our study, considering neurologic problems caused by tethered cord and importance of early diagnosis, USG is worthy for the screening of sacral dimples in infants. In one study of comparing USG and MRI, USG is valuable diagnostic tool for congenital anomalies of the lower spine in infants. 22) It is meaningful to perform an USG in Korea, considering that the cost of medical services is not expensive compared to the United States or Europe, and hospitals are readily accessible. 23) Furthermore, Ohashi et al. 24) reported a case of mucopolysaccharidosis type IV, which was diagnosed during sacral dimple evaluation at birth. Prompt evaluation could lead to the identification of other treatable diseases in patients. Cord tethering can occur by FT lipoma, which is the most common cause of thick FT. Therefore, detection of abnormal FT thickening is important. 25) In most of the literature, a thickness of FT of more than 2 mm was considered thick FT. Shin et al. 25) compared lumbosacral USG and MRI findings and suggested 1.1 mm as the optimal cutoff value for filar lipoma screening on USG. We observed prominent FT in cases of echogenic rather than nerve root, and thick FT in cases in which the thickness was more than 2 mm. The incidence was 11.3% and 2.2%, respectively. Irani et al. 10) reported that the frequency of filar cysts was 11.8 %, and the short-term results were not significantly different from those of the normal controls. Although the origin and exis tence of filar cysts is not well studied, neonatal filar cysts found in isolation on lumbar USG can be considered as normal variants. In our study, the incidence of filar cysts in patients with a sacral dimple was 24.8%. Our findings showed higher prevalence than Irani et al. 10) ; their study included more than 600 patients and infants older than 12 months were included. There were differences in the number and ages of patients, and no specific symptoms were observed in our patients.
Our study only included patients less than 6 months old to ensure the accuracy of ultrasound images. However, there were patients who visited with a sacral dimple even after 6 months of age. Including these patients makes the mean age of the patients who visited the hospital with a sacral dimple 2.7±4.6 months (range, 0-62.8 months); 89.5% of the patients visited the hospital 6 months after birth, and 75.1% of patients visited the hospital 3 months after birth. Most of the patients had a sacral dimple during the physical examination for neonatal examination, national infant screening, and vaccination. In our study, 129 patients (56.1%) were normal and the other 100 patients had no neurological abnormalities associated with sonographic findings. 9, 10, 26, 27) In some cases, the patients did not revisit the clinic even though follow-up tests were planned. This might be because the parents of the patients thought that their baby had no neurological abnormalities. No significant changes were found in the 28 children who underwent a follow-up. The limitations of this study included that it was a retrospective, single-institutional study. The case could be made that the medical records were insufficient because of the recruitment of retrospective subjects. Future prospective studies should identify long-term clinical outcomes. Infants after 3 months had fewer than other age groups, because progressed ossification made ultrasound imaging difficult. Overcoming regional biases requires investigating the clinical manifestations of the sacral dimple in Korea by studying more patients in multiple institutions. In conclusion, most of the patients in this study had a good clinical course; we found 1 case of abnormality that could lead to neurologic abnormalities in this study. Therefore, USG screening tests might be useful for children with sacral dimples.
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